The aim is to suggest a control scheme for the wind mills which convert wind energy to electrical energy. The functioning of the governing scheme is characterised by incorporating it to a doubly fed induction generator (DFIG). The stationary part of the DFIG is unswervingly linked to the electric network. The rotating part is allied to this electric network all the way through a back-to-back AC-DC-AC PWM converter. Fuzzy logic is used to acquire features using decision making logic which as human-like flexibility. The FLC provides a crisp and smooth control action. The governing process of the converter on rotating part is comprehended by stationary magnetic flux to adjust the performance of the fuzzy logic controller (FLC). The FLC is opted to have an intelligent speed control. To enable a level direct current voltage and to guarantee a pure sine wave for the current in the grid side a Grid Side Converter (GSC) is used which is controlled using FLC. The accuracy of the FLC used for the control of DFIG has a quick vibrant retort with almost unsteady error value once evaluated with the scheme using conformist proportional integral (PI) controller. Image processing algorithms are used to track the blade sweep and angular velocity. The entire monitoring is implemented using ATmega processor and incorporated in cloud service for online monitoring.
Introduction
The alternative energy resources are uncontaminated and copiously existing in natural world. Amongst those energy from wind is unpolluted, devoid of flue gas emissions in electricity production technology. Like all alternative energy resources it is supported by encapsulating the energy from natural sources and has no contaminating effects as compared with other non-renewable sources of fuels. Also it has focal advantages of entailing the least preservation charges. This assignment comprises the invention and functioning of miniature wind turbines for electricity production, nearly about 3 kW. Permanent magnet synchronous generators are generally used in diminutive wind power schemes. Owing to its elevated power density and petite dimensions, it is used in low power wind energy applications. The chief plus point of DFIG is the property of self-excitation, which sanctions a procedural functioning at an elevated power factors and competence. The planned wind turbine and energy storage system provisions and conveys the power engrossed by the related loads. Thus the ensuing scheme is cheap and has good consistency. This exploits an energy storage mechanism such as a battery and can expansively develop the uniformity of a petite stand-alone wind energy generation scheme due to the high supple character of the movement in air. Evenness of the electricity supplied to the consumers can capitalise by assimilating the correct energy storage system by grouping with a This proposed work uses wind turbine equipped with the listed items: 1 a DFIG 2 rectifier with PI and fuzzy controller 3 a battery and inverter with intelligent control 4 tracking the maximum power point using artificial neural network (ANN) approach 5 a three phase transformer 6 three phase inductive load.
The discussed scheme for wind power generation feeds a three phase load at 440 V/50 Hz.
Objective of the proposed work
The objective of the proposed work is as follows.
Broad objectives
To condition monitor the wind turbines for investigation of grid connected wind farms so as to identify and propose an optimal solution using image processing and intelligent techniques. This technique will offer a feed forward control.
Specific objectives
• literature survey
• modelling and control of wind turbine using image processing
• to analyse steady state and dynamic performance thereby providing an optimal condition monitoring using intelligent techniques • comparative analysis of conventional and intelligent techniques for optimal condition monitoring • validation.
Background and justification
Wind energy is the best ever rising cause of energy in the world. It contributes significantly to universal aspiration for decreasing CO 2 emissions. Recent WECS has progressed in the previous two decades, both internationally and within India. An enhanced expertise has gradually and increasingly improved the deployment capacity. The active and promising style is the main factor contributing to the expansion in skills from wind power in the Indian industries. The size is in the order of multi-megawatt turbine installed at better hub heights. Generously proportioned rotors have only one generator and can contribute to more energy per wind mill. This allows the WTGs to acquire improvement at advanced heights with stronger wind and less instability.
Consequently, big machines have resulted in a sturdy raise in the capability factor on standard from 10%-12% in 1998 to 20%-22% in 2010. The wind energy scheme proposed in our country is as shown in Figure 1 .
Presently, megawatt-scale turbines contribute for more than half the fresh wind power capability established in India. The regular sized WTGs are established in all the major markets between the years 2004-2009. Also wind turbine and wind plant features as scrutinised from the massive communication systems are vital for this swot.
The particulars relating to the aerodynamic and automatic features of the turbine functioning are essential merely to the degree that they manipulate the electrical activities. Mainly, the enlargements in technology over the past decade have been concentrating on dropping the price of energy. A fairly few of these countless amendments and augmentations have been for the precise reason of recuperating incorporation with the vast electric power system. Currently, the wind generation happen to be the chief sources of energy in many parts of India, there is a progress tracked to tackle with the needs and interconnection principle of some active and rising nominal issues, such as the new engineering focal point on wind turbine low-voltage ride-through facility. The present particulars of wind turbine form will be broadly analysed and a cheap form will be intended using intelligent techniques. In general, this scheme will serve as a guideline for initial examination of the outcome of the lofty wind power diffusion in the preparation and manoeuvring of the power system in India, as well as the network integration and transmission of power in on shore wind farms along with optimal modelling and control of WT with the help of intelligent techniques. Electric power transmission may use AC or DC. Nevertheless, there are scientific limits to ac connections, as the large distance power transmission has to be conceded for the fewer demands in real power. The alternate to AC is HVDC which has many advantages. A strengthened swot of the collision of wind power is not presented so far. The end effect of this plan may be in terms of suggestions for the suitable integration of the novel wind generation forecasted for the power systems in India (Vladislav, 2002; Tsili and Papathanassiou, 2009; Yao et al., 2008) .
Work methodology
Renewable energy plays an imperative task in power sectors to accomplish the rising requirement of authority in manufacturing segment and other needs. Chiefly, the power from the current of air is extremely lengthened throughout for less number of years. The hasty growth of the airstream based electricity has encountered a number of troubles in marketing that have been accounted. The entire scope of the work is shown in Figure 2 below. The amplification of wind power depends on shut down, power outages and to amplify the accessibility of the airstream turbine generator. The unpredicted malfunctioning of a module in the wind turbine or generator can have a considerable result on the wind turbine market; the exact move towards wind energy is to utilise system state monitoring method at each crucial site. Maintenance becomes vital for the prevention of unforeseen stoppages and complete breakdown of the machine in engineering facilities, their appropriate analysis and remedial methods cannot be in excess. The deterrence of disastrous breakdown by before time finding of initial defects in the mechanism, amplified the functional life with fewer failures and total breakdown (Bellini et al., 2008) . The swot statement throws light on the profits for using a condition monitoring system for untimely fault recognition. A variety of conservative and newest practice of condition monitoring counting signal processing technique for quivering investigation have been supplementary to this project. An essential outline for the prospective work of condition monitoring system in wind turbine is also incorporated (Doherty et al., 2004; Muller et al., 2002; Lopez et al., 2008) . As a consequence of this investigation, the image processing based online condition monitoring for wind system, has been projected as a part of this work. This method is planned as an integrated condition monitoring system to be used with the present monitoring systems as a retrofit devise to enlarge the performance of premature fault detection system (Bhaskar et al., 2010) . Figure 2 shows the method for grid integration. The work methodology includes the data collection and images of the wind mill. For simulation study MAThematical LABoratory (MATLAB) is used.
Design/modelling of DFIG based wind turbine
To illustrate the efficiency of the planned system, mock-up model is created using MATLAB/Simulink and PLECS for a 2-MW DFIG wind turbine system and a DVR, as shown in (Beccali et al., 2010) . The final simulation results of wind driven DFIG is modelled in MATLAB as per vector control strategy for the wind speed of 12 m/s. As the DFIG is connected to the grid, the voltage and frequency should match to the grid. The grid frequency is 50 Hz and grid voltage is 600 V as shown in Figure 5 , along with grid power is 1.8 MW (Polinder et al., 2004; Pena et al., 1996; Simoes et al., 1997) . The objective of the controllers used here is to control the active power to that of the grid, reactive power is maintained at zero and DC voltage across the capacitor is maintained constant. The rated mechanical speed is 1,800 rpm and associated DC link voltage is 560V. There is a separate fuzzy base rule applied for active power, reactive power and DC voltage control that shown in Tables 1  and 2 respectively. It has been reported that DFIG is connected to the grid and delivers voltage of 590 V as the grid. The purpose of the grid side converter is to produce voltage of constant frequency and magnitude as that of the grid (Barroso et al., 2010) . The main advantage of DFIG is to maintain constant speed as shown in Figure 10 , which can be operate within the specified range of speed and gives constant frequency at the stator linked with the grid. This maintenance was performed along with the help of the converter and its control (Bechrakis and Sparis, 2004) . Table 1 Rule base for reactive power fuzzy controller These rules transform the input variables to an output that will tell us the risk of operational problems. Depending on the number of MF for the input and output variables, we will be able to define more or less potential rules. Here in this case each input has 7 membership functions namely negative big (NB), negative medium (NM), negative small (NS), zero (Z), positive small (PS), positive medium (PM) and positive big (PB). Totally 49 rules are framed for each control process. Then defuzzification is done. It is the process of producing a quantifiable result in fuzzy logic, given fuzzy sets and corresponding membership degrees. The modelling of FLC for reactive power is shown in Figure 5 . The two fuzzy methods are performed in order to understand the active power and the reactive power of decoupled and controlled pattern of output. However, by both methods the power was maintained constant. The active power is maintained at the grid level and the reactive power here in this case is maintained zero as shown in Figure 10 , which states that the machine does not absorb any reactive power from the grid. With FLC the overshoot is reduced and the output is settled faster than PI controller. The active power is maintained at grid power. The grid power is 2 MW. With PI controller there is a peak overshoot. The defuzzification method used is area of centroid method. 7 Design of MPPT controller using image processing and ANN
Acquisition of images
This includes capturing of the images of the windmill installed at various places in Tamil Nadu, for example Tuticorin. Nearly 57 images corresponding to various angular frequencies and blade sweep were captured. These frames are obtained from the continuous video displayed on the CRT of the control room. The video splitter like Cannon is used for extracting the frames whose size is 123 × 82. The picture of the windmill is shown in Figure 16 . Tables 4 and 5 indicates the values of the angular frequencies and blade sweeping acquired simultaneously along with the video of the windmill under various operating conditions. 
Pre-processing
The pre-processing includes converting of the colour images to grey scale images, noise removal and edge detection. The colour images obtained are converted to grey scale images and corresponding intensity values are obtained in all the three planes namely the RGB plane. The output for converting the colour image to grey scale is shown in Figure 17 . The histogram analysis is done to identify which plane contains the most useful information. It is also inferred that the plane-2 (G plane) can be considered for further analysis, since the histogram corresponding to this plane has a wide dynamic range. Figures 18(a), 18(b) and 18(c) shows the histogram for the images of the windmill in R plane, G plane and B plane respectively. The acquired images may be corrupted by noise, in particular salt and pepper noise (as video frames are commonly prone to this noise). An analysis is also done to find a suitable filter for filtering the salt and a pepper noise. The various filters include the mean filter, median filter, maximum filter, etc. The peak signal to noise ratio (PSNR) is calculated which indicates that median filter performs noise removal efficiently. Figures 19(a), 19(b) and 19(c) shows the outputs for filtering done using median filter. Table 6 contains the PSNR values after filtering. This clearly indicates that the PSNR value corresponding to the median filter is high which recommends this filtering technique. Any further operations done on the images of the windmill should be carried out on a square image. The task of identifying the portion of square image that is to be extracted from the entire image for extracting the features is done here. The edge detection is done to extract the portions of the blades in the windmill. The type of mask that is used for edge detection is the Sobel mask. The output for edge detection is shown in Figure 20 .
Figure 20
Outputs for edge detection and noise removal
Feature extraction and feature reduction
The attributes are the fundamental structures that appear repeatedly in an image. These features that are to be extracted varies based on the type of the images acquired and the application to which it is associated with. The features include mean, kurtosis, blade sweep through area, standard deviation, mode, centroid, perimeter, minimum intensity, maximum intensity, Median, etc. The extracted features are reduced using support vector machine (SVM) for improving the categorisation effectiveness (Bhavani and Sujatha, 2014) . Table 7 denotes the features that ranked by the SVM feature evaluator. Figure 21 shows the variation of the features for various categories of the angular velocity and blade sweep area. 
Figure 21
Deviation in attributes using SVM feature evaluator (see online version for colours)
Classification using conventional and intelligent techniques
The classification techniques include conventional and intelligent techniques. The conventional classifier that will be used is the Euclidean distance classifier and the intelligent classifier is the feed forward neural network (FFNN) trained with back propagation algorithm (BPA) (Blazquez et al., 2009) .The most favourable wind turbine invention for one site is not essentially the favourable devise for another site because the wind speed allocation may vary from place to place. As a result modelling and control of wind turbines using image processing and intelligent techniques can designed for optimal operation. The results for classification is also available which states that almost for 55 images of the windmill, its corresponding blade sweep and angular frequency was determined (Bivona et al., 2003) .
Real time implementation using IoT for the proposed scheme
In this modern era of automation and advanced computing using IoT with Artificial Intelligence offer promising solutions towards the automation of wind Industry. The internet of sensors (vision sensor, humidity sensor, vibration sensor, blade sweep sensor) is used to percept the environment and object conditions. Analogue signal is the input to android device which is produced by various sensors. A suitable threshold for every sensor can be preset to identify the optimal operating conditions in real time environment. This threshold cross checked with the reference incoming analogue signal. When it encounters an odd situation the respective devices are used to take appropriate measures such as generation of alarm/alert and sending messages and email. Then with the help of Artificial Intelligence it takes adequate steps to solve the problems. This can be possible through past experience and similar previous condition stored in database. In this the cloud is used as the database for scalability as shown in Figures 22 and 23 . 
Conclusions
In this paper optimum fuzzy control of wind turbine using image processing in order to extract maximum power is described and verified through the simulation. The main goal of implemented fuzzy controller is to incessantly acclimatise the rotational speed of the generator to the wind speed in a way that the turbine functions at its optimum level of aerodynamic efficiency. The relative swot is made between PID controller and FLC incorporated in DFIG system. The design parameters of PID controller has less performance and attuned in sensible manner, while FLC is capable of powerful control action by varying the parameters of the system. The image processing algorithms will capture the variations in the blade rotation depending on wind velocity thereby monitoring blade sweep and angular velocity. The fuzzy controller with intelligent image processing scheme implemented in IoT provides better performance for monitoring online.
